Objective: This study tested mediating processes hypothesized to explain the therapeutic benefit of an efficacious motivational interview (MI). The constructs of interest were motivation to change, cognitive dissonance about current drinking, self-efficacy for change, perceived young adult drinking norms, future drinking intentions, and the use of protective behavioral strategies. Method: A randomized controlled trial compared the efficacy of a brief MI to a time-and attention-matched control of meditation and relaxation training for alcohol use. Participants were underage, past-month heavy drinkers recruited from community (i.e., non 4-year college or university) settings (N ϭ 167; ages 17-20; 58% female; 61% White). Statistical analyses assessed mechanisms of MI effects on follow up (6-week, 3-month) percent heavy drinking days (HDD) and alcohol consequences (AC) with a series of temporally lagged mediation models. Results: MI efficacy for reducing 6-week HDD was mediated by baseline to postsession changes in the following 3 processes: increasing motivation and self-efficacy, and decreasing the amount these young adults intended to drink in the future. For 6-week AC, MI efficacy was mediated through 1 process: decreased perceived drinking norms. At 3-month follow up, increased cognitive dissonance mediated HDD, but not AC. Further, increased use of certain protective behavioral strategies (i.e., avoidance of and seeking alternatives to drinking contexts) from baseline to 6-weeks mediated both 3-month HDD and AC. Conclusions: Findings suggest that within-session cognitive changes are key mechanisms of MIs effect on short-term alcohol outcomes among community young adults while protective behaviors may be more operative at subsequent follow up.
traditional, 4-year college or university) have rarely been a focus of this research. This is despite the fact these individuals comprise the majority of the young adult population and are at higher risk for lifetime alcohol dependence than 4-year college students (White, Labouvie, & Papadaratsakis, 2005) . In one of the few randomized clinical trials conducted to date, MI efficacy for reducing heavy alcohol use and related negative consequences was demonstrated (Colby et al., in press ), supporting MIs viability as a brief alcohol treatment for nontraditional, young adult vocational and educational settings (e.g., employee assistance programs, GED training programs, technical schools, and community colleges). The findings also present an opportunity to test the specific MI ingredients and mechanisms hypothesized to account for intervention efficacy. Identifying treatment effect mediators would provide empirically derived information to optimize intervention delivery with this population. Even within the campus-based, 4-year college literature, studies on key components of brief alcohol treatment effects are only emerging (Ray et al., 2014 ) and a convergence of the evidence on a core set of processes involved in behavior change is still limited (Reid & Carey, 2015) .
Studying Ingredients of Treatments and Mechanisms of Change
Unless randomized clinical trials show 100% participant improvement (i.e., 100% of outcome variance explained by the experimental condition), we cannot test treatment efficacy without also testing treatment theory. Without tests of the explanatory model of the treatment, we cannot identify which ingredients and/or mechanisms were responsible for observed changes relative to control (Longabaugh, 2007) . These kind of analyses typically occur via tests of statistical mediation with observationally rated (e.g., Motivational Interviewing Skill Code; Houck, Moyers, Miller, Glynn, & Hallgren, 2010) or participant self-reported indicators. In the prevention literature, the treatment to mediator path (a path) is conceptualized as a test of implementation success or failure (i.e., did the intervention produce the expected changes in hypothesized intermediate process variables?), while the mediator to outcome path (b path) is a test of theory success or failure (i.e., were these theorized processes actually important to participant improvement?; MacKinnon, 2008) .
In the present work, we distinguish ingredients of treatments from mechanisms of change in the interest of furthering a common conceptual frame for examination. Specifically, treatment ingredients include any therapeutic skill, process, or component with a relationship to outcome or to a subsequent mediator of outcome (Longabaugh, Magill, Morgenstern, & Huebner, 2013) . The distinction between being an active versus hypothesized ingredient is demonstrated predictive validity. Active ingredients may be common across therapies (e.g., therapeutic alliance), distinctive to only a few (e.g., coping skills training), or established as unique to a single modality (e.g., contingent reinforcement in contingency management; Longabaugh & Magill, 2011; Longabaugh et al., 2013) . In contrast, a mechanism of behavior change is a process occurring within the individual or a behavior enacted by the individual that is associated with a subsequent change in the targeted outcome of interest (Kazdin & Nock, 2003; Nock, 2007) . In the clinical trial context, mechanisms are often examined through self-reported changes in specified cognitions or behaviors that are thought to produce changes in the targeted outcome of interest.
The MI Approach to Changing Young Adult Drinking Behavior
The efficacy of MI for reducing heavy drinking and negative consequences in young adult college students has been demonstrated (Carey et al., 2012; Tanner-Smith, Steinka-Fry, Hennessy, Lipsey, & Winters, 2015) . The MI approach explores ambivalence about behavior change, and encourages individuals to explore the discrepancy between current drinking behavior and personal values and goals (Miller & Rollnick, 2002 ; Figure 1 ). The MI therapist attempts to facilitate behavior change decision-making by affirming self-efficacy, providing personalized feedback on patterns and risks, and offering a menu of behavior change options (Monti, Colby, & O'Leary, 2001 ; Figure 1 ). Currently, it is unknown whether processes, proposed and tested in the largely campus-based, 4-year college literature, are similarly operative when brief MI is delivered to young adults outside of this environment. There may be differences in contextual influences on drinking and on behavior change such as workplace influences, peer and family factors, and variable access to resources. Such differences may change the content and nature of discussion within a motivational interview. For example, the impact of changing normative beliefs about peer drinking levels may be greater in the campus context given homogeneity of the cultural environment. Young adults not involved in this environment might have more variability in their peer groups and role models, including variation by age, life roles, and patterns of drinking. Moreover, discrepancy (i.e., cognitive dissonance) around alcohol use and how it may facilitate or hinder role functioning may be greater for communitybased young adults, who often have more adult responsibilities than their campus-based peers.
Although MI process has not been examined specifically with community young adults, the college student literature has tested a number of ingredients and mechanisms of MIs effect on alcohol use and associated harms. We draw from this work as a starting point for the present study. For example, a recent systematic review examined support for behavior change mechanisms in college alcohol interventions, and included 22 putative cognitive (e.g., motivation, selfefficacy) or behavioral (e.g., use of protective behavioral strategies) process variables (Reid & Carey, 2015) . Among cognitive change processes, only changing descriptive norms received compelling support as a mechanism of MI with college student drinkers. Behavioral measures had mixed, but promising support. The breadth of mediation research in the college intervention literature is wide, yet there is no established causal process model to date. In this study, we focus on a set of within-session cognitive mediators targeted in a manualized brief MI and highlighted in reviews of MI mechanisms of change (Reid & Carey, 2015) . Behavioral strategies, described in the intervention menu of change options (see Figure 1) , are also tested. The MI intervention was based on existing, college-based MI methods, but was developmentally and contextually tailored during an early developmental phase of the project (manual available upon request).
The Current Study
This study tested mediating processes hypothesized to explain the therapeutic benefit of an efficacious motivational interview. A key This document is copyrighted by the American Psychological Association or one of its allied publishers.
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question was whether the MI mechanisms commonly tested in the college literature are operative when MI is delivered to underage, young adult drinkers who are not enrolled, nor planning to enroll, in traditional 4-year college. We first examined pre-to postsession changes in cognitive mediators hypothesized to affect short-term reductions in heavy alcohol use and related negative consequences (i.e., 6-week and 3-month follow up). Short-term changes were of primary interest, given that analyses focused on intervention mechanisms of action. In such analyses, proximal indicators may offer a more sensitive assessment of treatment-related processes of change than analyses conducted at later follow ups (Morgenstern & McKay, 2007; Nock, 2007) . Next, we examined changes in the use of specific protective behavioral strategies from baseline to 6-weeks in relation to 3-month heavy drinking and consequences. Study hypotheses related to cognitive mediators were that: increases in motivation to change, increases in actual-ideal drinking discrepancy, increases in selfefficacy for change, decreases in perceived young adult drinking norms, and decreases in intentions related to future drinking would mediate the relationship between receipt of MI and heavy drinking and consequence outcomes at 6-week and 3-month follow ups. Hypotheses related to behavioral mediators were that use of protective behavioral strategies at 6-week follow up would mediate MIs effects on heavy drinking and consequences at 3-months. Individual mediation models first identified significant mediators, which were then analyzed simultaneously in multiple mediation models to explore relative mediator effects.
Method

Parent Study
In the parent randomized controlled trial, a brief MI was contrasted with a time-and attention-matched control of meditation and relaxation training (REL) for reducing heavy alcohol consumption and related negative consequences in a communitybased, young adult sample. The MI condition was tailored to incorporate the developmental transition out of high school for young adults not immediately bound for a traditional 4-year college. Participants were not seeking treatment for alcohol problems, and the study was not presented as a treatment study. Rather, the project was described as "a research study focusing on young people's transitions to adulthood and reducing the risks of alcohol during this period." Inclusion criteria were: (a) underage current drinkers between the ages of 17 and 20, (b) one or more occasions of past-month heavy drinking (Ն4 drinks for women; Ն5 or more drinks for men), and (c) not currently enrolled nor intending to enroll in a 4-year college or university. Motivation to reduce alcohol use or associated harm was not a requirement for participation.
Participants and procedure. Participants were recruited from a range of community settings, including high schools, social service agencies, GED classes, vocational and technical training programs, and community colleges. Participants recruited from high school settings had to be seniors within three months of graduation, and not intending to matriculate to a traditional 4-year college/university within the next year. There were 167 individuals enrolled in the study, and 100% of these individuals completed an in-person baseline assessment and then were randomly assigned to an intervention. The interventions took place immediately after baseline assessment and posttreatment assessments were completed at the end of the session. Follow up interviews were conducted in person, and study retention rates were high (Ͼ95%). The average age of participants was 18.2 (SD ϭ 0.98, range ϭ 17 to 20) and the sample was 62% female. Participant self-identified race and ethnicity were as follows: 59% non-Hispanic White, 10% non-Hispanic Black/African American, 11% Hispanic, and 14% 1 Menu of change options included strategies to avoid drinking situations or to seek alternatives to drinking. Also discussed were ways to control rate of consumption and other harm reduction techniques. This document is copyrighted by the American Psychological Association or one of its allied publishers.
identified as more than one race. The sample was heterogeneous in terms of school status, with 17% having left high school without graduating, 26% high school seniors, 26% recent high school graduates not enrolled in an academic program, and 31% were enrolled in community college or technical/vocational training program or school. All procedures were approved by the university's Institutional Review Board and participants gave written informed consent.
Interventions
Interventions were approximately 60 min in length and were provided by the same therapists across study conditions. MI condition. The MI session followed a typical, manualized format, with some component discussions incorporating topics related to young adult transitions (e.g., work, family). The session began with rapport building and exploration, eliciting information about the developmental context of drinking behavior as well as personal values and goals. The therapist explored the positive and negative aspects of drinking, and provided information on descriptive norms and personalized feedback. Here, the computergenerated feedback report summarized: (a) past-month frequency and quantity of heavy drinking with normative comparisons; (b) past-month typical and peak BAC; (c) alcohol-related consequences and risk factors; and (d) discretionary income and time allocated to alcohol consumption versus nonalcohol related activities. The therapist presented each topic of the report and invited discussion. Participants were asked to envision themselves in the future, regardless of whether they decided to make a change in their drinking. Finally, participants interested in making changes to their alcohol use were given opportunity to collaboratively establish goals and to discuss behavior change strategies. Throughout the session, the therapist utilized MI principles and techniques, including respecting autonomy, using open-ended questions and reflective listening, eliciting change talk, and supporting selfefficacy (Miller & Rollnick, 2002) . See Figure 1 for a pictorial display of the conceptual model (i.e., intervention ingredients and mechanisms) for process analysis of the MI condition.
REL condition. The REL condition was designed to control for nonspecific factors by providing equivalent levels of contact time and attention. REL similarly began with an introduction and general rapport building. The therapist reviewed the rationale for the treatment, stating that life transitions during young adulthood may be stressful. To address possible self-report bias specific to drinking outcomes, the treatment rationale stated that learning effective ways to cope with stress might reduce the likelihood of problematic alcohol use in response to stress. The exploration phase addressed the participant's typical level of daily stress and reviewed current participant-employed coping behaviors. To promote treatment expectancies, a rationale and instructional exercise was provided. Specifically, mindfulness meditation and progressive muscle relaxation were introduced and practiced. The session concluded with a recommendation that the participant practice these techniques regularly.
Therapist training and fidelity. Study therapists included two PhD-level clinical psychologists and a BA-level counselor with several years' counseling experience and coursework completed toward an MSW degree. Training procedures included didactic instruction and role-playing techniques. In both manualized conditions, prescribed and proscribed behaviors were enumerated. Fidelity to each intervention was monitored weekly and a subset of MI sessions were coded using the Motivational Interviewing Treatment Integrity scale (MITI; Moyers, Martin, Manuel, Miller, & Ernst, 2007) .
Measures
Cognitive mediator measures. The specific constructs of interest to the current study were motivation to change, cognitive dissonance, self-efficacy for change, perceived drinking norms, and drinking intentions, all measured as baseline adjusted, postsession outcomes. The Contemplation Ladder (Biener & Abrams, 1991) was designed to assess motivation to change among nicotine users, but has been modified and validated to assess motivation to change alcohol use (Becker & Littleton, 1996) . Response options range from 0 -10 where 0 ϭ no thought of drinking less and 10 ϭ taking action to drink less. Dissonance was measured using Actual-Ideal Drinking Discrepancy, an indicator designed to gauge the disparity between actual and ideal drinking behaviors (adapted from McNally et al., 2005) . Participants were instructed to circle a number on a horizontal scale that indicated how close or far their current drinking patterns were from their personal ideal (Ϫ5 ϭ I am drinking FAR LESS than my ideal, 0 ϭ I am now at my ideal, 5 ϭ I am drinking FAR MORE than my ideal). Self-efficacy was measured using the Brief Situational Confidence Questionnaire (BSCQ; Breslin, Sobell, Sobell, & Agrawal, 2000) where respondents rated how confident they were that they would be able to resist drinking heavily in the coming year (0% ϭ not at all confident, 100% ϭ completely confident). To assess perceived drinking norms, we adapted the Drinking Norms Rating Form (DNRF; Borsari & Carey, 2000) . Here, participants estimated the weekly alcohol consumption of their age-and gender-matched peers (e.g., an 18-year old male participant would be asked "How many drinks does a TYPICAL 18-year old male have?" on each day of the week, from Monday through Sunday). Total estimated drinks per week were summed to reflect perceived norms in terms of total drinks consumed. Future Drinking Intentions (LaBrie, Pedersen, Earleywine, & Olsen, 2006) were assessed using the same Monday through Sunday calendar format. Participants were instructed to think about what their drinking pattern would be like over the next 6 weeks, and then were asked to enter the average number of drinks they planned to consume on each day of the week. Total drinks per week were summed to represent future drinking intentions.
Behavioral mediator measure. At 6-week follow up, the Strategies to Limit Drinking Scale (Werch & Gorman, 1986) was used. This 37-item measure assesses participant use of seven types of behavioral strategies: Rate Control (␣ ϭ .87; e.g., took small sips), Self-reinforcement and Punishment (␣ ϭ .71; e.g., rewarded self for limiting drinking), Alternatives to Drinking (␣ ϭ .78; e.g., engage in alternative activities to drinking), Avoidance of Drinking Situations (␣ ϭ .87; e.g., avoid drinking with a heavy drinker), Limiting Driving and Cash (␣ ϭ .61; e.g., made plans not to drink and drive), Controlling Time and Food (␣ ϭ .64; e.g., eat before I drink), and Awareness of Consequences (␣ ϭ .68; e.g., thought about consequences of drinking). These subscale indicators were examined as potential mediators of outcomes at later (3-month) follow-up. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Outcome measures. To assess heavy drinking, a 6-week Timeline Follow Back (TLFB; Sobell & Sobell, 1992 , 1995 was used. This calendar-assisted interview yielded estimates in terms of the number of standard drinks consumed daily in the prior 6 weeks at baseline, 6-week follow up, and 3-month follow up. From the TLFB, the percentage of heavy drinking days was calculated (defined as the percentage of days on which 4 or more drinks were consumed [for women] or 5 or more drinks [for men]). The Brief Young Adult Alcohol Consequences Questionnaire (BYAACQ; Kahler, Strong, & Read, 2005) was used to assess alcohol consequences at baseline, and at 6-week and 3-month follow ups. The measure includes 24 possible alcohol-related negative consequences, and the total score reflects the number of alcohol-related consequences experienced in the past 6 weeks (␣ ϭ .81).
Data Analysis
Preliminary analyses. Outcome variables were checked for distributional assumptions. Percent heavy drinking days was positively skewed and log-transformed for analyses (Tabachnick & Fidell, 2006) . Study attrition for follow-up assessments was approximately 3%, and missing data were handled via pairwise deletion in analyses. No statistically significant differences on key demographic or alcohol use characteristics were found between study conditions at baseline (Colby et al., in press ). As a potential data reduction strategy, Pearson bivariate correlations and analyses of internal consistency reliability were used to assess whether the five cognitive mediators were best examined as a set of unique mechanisms or as a single latent construct of MI change process. Similarly, behavioral strategies as seven subs-scales or as a total score were tested in mediation analyses. Finally, descriptive data, and by condition significance tests (i.e., two-way analysis of variance, independent samples t test), for all study variables are shown in Table 1 .
Mediation analyses. The overarching model of MI efficacy on reduced heavy drinking and negative consequences was tested in single, followed by multiple, mediation models. A series of single mediator models first tested whether each of the proposed variables showed significant indirect effects on study outcomes at 6-week and/or 3-month follow ups. Significant mediators were then entered into multiple mediator models to examine relative mediator effects. Mediation was tested in Ordinary Least Squares (OLS) regression path models, followed by distribution free bootstrap hypothesis tests of indirect effects (Fritz & MacKinnon, 2007) . Specifically, the product of a and b path regression coefficients, with 95% bias corrected bootstrap confidence intervals (CI; Efron, 1987) , tested whether specific and total (a 1 b 1 ϩ a 2 b 2 Note. REL ϭ relaxation training; MI ϭ motivational intervention; BL ϭ baseline; PT ϭ posttreatment; wk ϭ week; mo ϭ month; at 6 weeks, 11.7% of participants had zero heavy drinking days; at 3 months, 19.9% of participants had zero heavy drinking days. a Data provided for sample description only. This document is copyrighted by the American Psychological Association or one of its allied publishers.
. . . a i b i ) indirect effects were significantly different from zero (Hayes, 2013) . Bias corrected bootstrap CI have demonstrated good balance between Type 1 and 2 error rates (Briggs, 2006) , and are thus the reported significance test of indirect effects.
Results
Preliminary Results 1: MI Implementation Success or Failure?
Descriptive analyses, and by-condition significance tests, for all study variables are shown in Table 1 . These results not only show MI efficacy over REL for reduced heavy drinking and consequences at both follow ups, but also a path implementation success for all purported cognitive mechanisms, and two behavioral mechanisms (i.e., seeking alternatives to drinking and avoiding drinking situations).
Preliminary Results 2: Single Versus Multiple Cognitive Processes of Change?
Analyses of bivariate relationships among postsession mediators as well as analysis of internal consistency suggest the five variables did not reflect a single underlying latent construct of MI cognitive change (see Table 2 ). In correlation analyses, some, but not all, indicators showed associations that were small to moderate and statistically significant. Motivation to change was positively related to cognitive dissonance (p Ͻ .001) and negatively related to intentions for future drinking (p ϭ .001). Self-efficacy to change heavy drinking was negatively associated with perceived norms for a typical young adult (p ϭ .033) and intentions for future drinking (p ϭ .003). Finally, perceived drinking norms and participant drinking intentions were positively related (p Ͻ .001). This latter association was the strongest among those examined, but was only in the small to moderate range. When all five cognitive mediators were assessed as a single construct, the internal consistency coefficient alpha was .44, indicating conceptual heterogeneity (Nunnally, 1978) . For number of alcohol consequences, individual mediator models showed that one of the five cognitive variables examined was a significant mediator of MI efficacy, in contrast to REL, at 6-week follow up. A path OLS models showed results consistent with that reported for heavy drinking days (i.e., MI significantly impacted all five mediators as hypothesized), but with slight variation in coefficient estimates because of a different baseline covariate for the outcome variable (i.e., alcohol consequences; not shown in Table 3 ). For the b path OLS models, greater dissonance (p ϭ .007), and lower perceived drinking norms (p ϭ .002) and future drinking intentions (p ϭ .020) were associated with reduced alcohol consequences. However, only the bootstrap CI for the ab path product of perceived drinking norms did not contain zero (Ϫ.08; 95% CI [Ϫ.23 to Ϫ.01]). Because only one indirect effect was significant, multiple mediator analysis was not conducted for alcohol consequence outcomes at 6-week follow up (see Table 3 ; 33% outcome variance explained in the final, single mediator model).
Single Mediation Models: Testing the Significance of Each Indirect Effect on 6-Week Heavy Drinking and Consequences
Multiple Mediation Models: Testing Relative Indirect Effects on 6-Week Heavy Drinking Outcome
For multiple mediation analyses in relation to 6-week percent heavy drinking days, motivation to change, self-efficacy for change, and drinking intentions were entered into the model, covarying baseline values of each mediator and the outcome variable. The total indirect effect was statistically significant (Ϫ.21; 95% CI [Ϫ.44 to Ϫ.08]), and together, these cognitive processes accounted for 38% of the outcome variance in MIs effect on reduced heavy drinking at early follow up. Relative indirect effects within the multiple mediator model were nonsignificant, suggesting that when examined simultaneously, no single cognitive process was uniquely beneficial in producing short-term behavior change (see Table 3 ). Table 4 shows the results from the individual OLS regression path models. For percent heavy drinking days (log transformed), individual mediator models showed one cognitive mediator of MI efficacy, in contrast to REL, at 3-month follow up. Here, the pattern of a path OLS estimates and significance tests was consistent with those previously reported (see Table 3 ). Table 4 also shows that among these This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Single Mediation Models: Testing the Significance of Each Indirect Effect on 3-Month Heavy Drinking and Consequences
processes impacted by MI, increased cognitive dissonance (p Ͻ .001) and self-efficacy (p ϭ .047) were associated with reduced percent heavy drinking days in OLS regression path models. Finally, biascorrected bootstrap results showed only increased dissonance from pre-to-post session had a significant indirect effect on 3-month alcohol outcomes (Ϫ.17; 95% CI [Ϫ.42 to Ϫ.04]). A multiple mediator model for heavy drinking at later follow up was therefore not performed (30% outcome variance explained in final, single mediator model). Further, for number of negative alcohol consequences at 3-month follow up, no postsession cognitive mediator predicted outcome (see Table 4 ).
Behavioral Mediation Analyses: Are Behavioral Rather Than Cognitive Processes Operative at Later Follow Up?
Strategies to Limit Drinking were evaluated as potential mediators of 3-month follow up outcomes. These results are shown in Table 5 . In OLS models, MI predicted significantly more use of two of the seven subscales at 6 weeks: seeking alternatives to drinking (p ϭ .036) and avoidance of drinking contexts (p ϭ .017). In relation to outcome, b path OLS models showed rate control (p ϭ .045), self-reward or punishment (p ϭ .001), seeking alternatives (p ϭ .012), and avoidance of drinking contexts (p ϭ .008) were all associated with reduced heavy drinking at 3-month follow up. For bootstrap results, indirect effects for seeking alternatives (Ϫ.06; 95% CI [Ϫ.17 to Ϫ.01]) and avoidance of drinking contexts (Ϫ.06; 95% CI [Ϫ.15 to Ϫ.01]) were significantly different from zero. In the subsequent multiple mediator model, a similar pattern to that for heavy drinking at 6-week follow ups was observed where only the total indirect effect was significant (Ϫ.09; 95% CI [Ϫ.19 to Ϫ.02] ) and this final model explained 37% of the outcome variance in 3-month heavy drinking. Note. Regression coefficient estimates significant at the .05 level in bold. ϳ a path data shown for heavy drinking days; negative consequence a path estimates are substantively the same though vary slightly because of a different baseline covariate for the outcome variable (i.e., baseline negative consequences). BMI ϭ brief motivational intervention; OLS ϭ Ordinary Least Squares. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Table 5 also shows the findings for analyses of 6-week behavioral strategies in relation to MI efficacy on 3-month negative consequences. While a path models were consistent with those reported above, the b path models showed only avoidance of drinking contexts (p ϭ .014) was significantly associated with reduced alcohol consequences at 3 months (Ϫ.07; 95% CI [Ϫ.13 to Ϫ.01]; 26% outcome variance explained). A subsequent multiple mediator model was not undertaken. See Figures 2 and 3 for a pictorial summary of all findings by outcome and over time.
Discussion
In this study, we tested a causal process model of MI efficacy when delivered to underage young adult heavy drinkers who were not traditional 4-year college students. Both study conditions were tailored to incorporate content related to young adult life transitions, but only the MI condition incorporated ingredients designed to affect a set of cognitive (i.e., motivation, dissonance, selfefficacy, norms, and drinking intentions) and behavioral (i.e., strategies) mechanisms of change. There were several notable findings. First, MI efficacy in reducing 6-week heavy drinking was mediated through three cognitive change processes (i.e., increased motivation and self-efficacy; decreased drinking intentions). For alcohol consequences, the significant mediator was decreased perceived drinking norms. Increased cognitive dissonance was a significant mediator of heavy drinking, but not of alcohol consequences at 3-month follow-up. Further, two behavioral strategies measured at 6 weeks (i.e., increased avoidance of and alternatives to drinking contexts) were found to mediate MI efficacy for heavy drinking and consequence outcomes at 3 months. By examining mechanisms in a young adult population with a different developmental context than the more commonly studied in the 4-year college literature, the present study identifies within-session changes related to efficacy in an MI delivered to a high need and understudied population.
Cognitive Mediators of Short-Term Follow Up Outcomes
To date, changes in college student drinking norms have received the most consistent attention and support as processes important to MI-facilitated, young adult behavior change (e.g., Cronce & Larimer, 2011; Dotson, Dunn, & Bowers, 2015; Larimer & Cronce, 2002; Lewis & Neighbors, 2007) . A recent review suggests that norms are most effective when locally calibrated and gender-specific (Reid & Carey, 2015) . In the MI protocol for this study, participants were presented with information about their own drinking quantity and frequency in contrast to a same-age, same-gender "typical young adult." Our results support mediation of temporally lagged, short-term consequences, but not heavy drinking. Therefore, outcomes for this community sample appear to be less influenced by the social comparison mechanism most often supported in college students (i.e., norms). Social comparison processes may have greater influence in the context of a college campus, where students live, work, and socialize nearly exclusively with student peers. That said, it is unknown whether more locally calibrated (e.g., state-or city-based) normative comparisons would have produced different mediation results.
Of the five cognitive process variables considered, short-term heavy drinking was reduced in MI through changes in mechanisms that have received mixed support in the college drinking literature, but more consistent support in the adult literature (Longabaugh et al., 2013) . Specifically, increases in both motivation and selfefficacy and decreases in drinking intentions were predictive of reduced heavy drinking days at 6-week follow up. Motivation and intention findings are also consistent with a review of self-reported This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
and observer-rated mechanisms of MI efficacy (Apodaca & Longabaugh, 2009) , and a recent review of brief motivational interventions suggests that motivational processes may be particularly important when nontreatment seeking populations are the target of intervention (Gaume, McCambridge, Bertholet, & Daeppen, 2014) . Our study results suggest that although these young adults were not seeking to change their drinking and risk behavior, they were quite amenable to exploring the issue; this speculation is supported by findings that perceptions targeted by the MI dialogue were impacted differentially in contrast to the time, attention, and expectancy-matched control (i.e., implementation at the a path consistently demonstrated).
Behavioral Mediators of Later Follow-Up Outcomes
Only one pre-to-post cognitive change process was a significant mediator of one study outcome at 3-month follow up, while specific behavioral processes were associated with both heavy drinking and consequences. In this case, intermediate behavior changes (i.e., protective behavioral strategies) were measured at 6-weeks thus preserving the temporal sequence for the causal process model. In contrast to implementation results for cognitive change (i.e., all a paths supported), which were preserved at 6-week assessment, the MI condition differentially impacted two of seven behavioral strategies to limit drinking (i.e., seeking alternatives to drinking and avoiding drinking contexts). Both of these strategies mediated MIs effects on heavy drinking, and avoidance mediated MIs effects on negative consequences. Among college students, protective strategies have been studied in numerous trials with moderate support. Variability in methodology may account for some mixed results including different measures, temporal lags, and the extent to which MI targeted these behaviors (Prince, Carey, & Maisto, 2013) . In particular, reviews suggest protective behaviors must be addressed within the interview protocol for implementation paths (i.e., a path) to be observed (Pearson, 2013) . Behavioral strategies, as measured by a single summary score, have mediated consumption (Barnett, Murphy, Colby, & Monti, 2007) and consequences (Murphy et al., 2012) among college students receiving MI interventions. In the current trial, the MI therapist showed participants a list of strategies, "suggested by other young adults," and invited the participant to discuss those they found most salient and potentially useful. As such, seeking alternatives and avoiding drinking contexts may be more relevant and feasible to this population than other strategies such as controlling rate of consumption or engaging in self-reward or punishment.
The Role of Cognitive Dissonance in Young Adult Behavior Change
While dissonance has remained largely unsupported in the college drinking literature (Reid & Carey, 2015) , this cognitive change process was uniquely relevant to reduced heavy drinking in MI at the latest follow-up considered in this study. Importantly, while both conditions could elicit social desirability reporting by framing the interviews as related to potentially reducing alcohol consumption during young adult life transition, only the MI condition explicitly and compassionately examined this transition. Further, the MI condition attended to life goals, and provided feedback on recent time allocation to adult roles including vocational planning. These feedback elements are not typically included in standard MI approaches but are central to effective behavioral economic approaches to reducing drinking (Murphy et al., 2012) . This feedback may have motivated young adults to develop alternatives to drinking and maximized discrepancyrelated processes thought to be quite important to leveraging motivation among ambivalent individuals during the focusing phase of MI (Miller & Rollnick, 2013) . Given this novel finding, This document is copyrighted by the American Psychological Association or one of its allied publishers.
future research should consider dissonance and discrepancy more closely, particularly among young populations facing multiple role transitions.
Limitations, Recommendations, and Conclusions
This study has a number of strengths related to the methodological conditions needed for establishing a mechanism of change, but there are some limitations to consider. With respect to strengths, analyses examined temporally lagged mechanisms of MI efficacy in contrast to a time, attention, and expectancy matched control (i.e., relaxation training). These conditions allow for satisfaction of the temporality, specificity, and plausibility criteria (Nock, 2007) . While our follow-up time points (6 weeks and 3 months) are good for sensitive assessment of treatment-related mechanisms, they do not offer information about the durability of mediator effects. Next, it was somewhat puzzling that our analyses of the five cognitive mediators supported total indirect effects, but not unique indirect effects. This pattern of results might simply be a matter of reduced ability to detect unique and sometimes, small b path effects in our covariate-adjusted, multivariate OLS path models compared with our single variable OLS path models. We also required agreement across all bootstrap significance tests (i.e., biascorrected and percentile). Therefore, it is unknown if our results would have shown more consistency with a larger sample or with more extensive (i.e., nonsingle item) measures of the constructs of interest. Finally, recruiting this sample of young adults from high schools and various community service and educational settings (e.g., GED programs or vocational training) could impact the generalizability of our results. However, we view this impact as positive because this sample may capture a high-risk, ethnically diverse, and understudied population of young adults that have a number of developmental and socioeconomic stressors that could place them at risk for persistent alcohol abuse and related consequences.
In this analysis of a clinical trial that demonstrated the value of MI for short-term heavy alcohol consumption and negative consequences among community, underage young adult drinkers, we found evidence that certain intervention ingredients targeting the mechanisms of interest were efficacious. Further, cognitive mechanisms (i.e., motivation, dissonance, and self-efficacy) stimulated initial reductions in drinking, but sustained reductions in drinking and related problems required the acquisition of specific skills. Optimal methods for delivering corrective information on drinking norms with this population might require further study. Additionally, of the seven strategy types, only avoidance of drinking and seeking alternatives to drinking were active mechanisms arising from the collaborative behavior change discussion. Because our follow up was relatively short-term, studies with longer-term outcomes are still needed. Nevertheless, this study highlights that nontreatment seeking, young adult drinkers, who are not attending a traditional 4-year college or university, are amenable to a brief MI. These young adults will change their behavior in response to content addressed in the MI intervention, and supported mechanisms are similar, though not the same, as those commonly supported for traditional college student alcohol users. This document is copyrighted by the American Psychological Association or one of its allied publishers.
